Abstract. Northbound migrant shorebirds (Charadridae and Scolopacidae) were surveyed weekly by air on Delaware Bay beaches on the Atlantic coast of North America in May-June 1986 through 1992. The single day peak count occurred between 26-30 May when an average of more than 2 16,000 birds was counted. The most abundant species were Semipalmated Sandpiper (Calidrispusilla), Ruddy Tumstone (Arenaria interpres), Red Knot (Calidris canutus) and Sanderling (Calidris alba). Our surveys documented high hemispheric counts for each of these species, and established Delaware Bay as the most important spring stopover in the eastern U.S. for these shorebirds. Counts of Sanderlings and Semipalmated Sandpipers declined significantly over the seven years; no trends for other species were detected. Differences among species in distribution along bay beaches were attributable partly to habitat factors. We suggest that a thorough understanding of shorebird abundance and habitat use in Delaware Bay is necessary to develop a conservation strategy for regulatory protection and conservation of migrant shorebirds using this area.
INTRODUCTION
Shorebirds spend up to two-thirds of the year in migration and on wintering grounds (Burger 1984a). Environmental conditions and food resources encountered in migration at stopover areas are important for survival and reproduction (Blem 1980, Meier and Fivizzani 1980, Myers 1983 ). The significance of stopovers in the ecology oflong distance migrants has recently gained worldwide attention (Myers et al. 1987 ). Stopovers are especially important for migratory shorebirds (Charadriiformes: Charadridae and Scolopacidae) that, unlike most neotropical migrants, concentrate in small areas to accumulate energy reserves for continued flight (Morrison 1984 , Senner and Howe 1984, Myers et al. 1987 ).
Because shorebirds travel as much as 30,000 km each year, they must take advantage of seasonally abundant food resources at intermediate stopover areas to build up fat reserves for the next long distance non-stop flight (Morrison and Harrington 1979) . Protection of stopover areas is necessary for conservation of food and habitat resources and to manage migrant species dependent on them (Myers et al. 1987 , Moore et al. 1990 ).
' Received 4 January 1993. Accepted 13 April 1993.
In this paper, we examine the spring migration and stopover behavior of shorebirds on Delaware Bay over seven years to understand the species, habitat use, and temporal patterns. Delaware Bay in New Jersey (NJ) and Delaware (DE) is a major spring stopover for shorebirds migrating from wintering grounds in South America to breeding grounds on the Arctic tundra (Senner and Howe 1984 , Burger 1986 , Harrington 1986 , Myers et al. 1987 ). Between 300,000 and 600,000 shorebirds use Delaware Bay on migration (Senner and Howe 1984, Burger 1986), making it the second highest concentration of shorebirds in the Western Hemisphere during spring migration, next to the Copper River Delta on the Alaskan coast, where an estimated 20 million shorebirds pass on spring migration (Isleib 1979) .
One reason that shorebirds concentrate on Delaware Bay is the abundant food resources provided by the large number of horseshoe crabs (Limuluspolyphemus) spawning at the same time (Myers 1986 Kochenberger (1983) surveyed the bayshore during spring migration in 1983 and confirmed substantial numbers. Burger' s (1986) survey was the only one to continue through fall migration. The southbound migration pattern for these species differs: of the most abundant species counted in spring, 3% of Semipalmated Sandpipers, 1% of Red Knots, 5% of Ruddy Turnstones and 63% of Sanderlings (also a winter resident) were counted on the bay July through October.
In 1985, the Endangered and Nongame Species Program of the New Jersey Division of Fish, Game and Wildlife began a yearly survey of all species to determine distribution and population trends as part of a long-term project to protect habitat important to migrating shorebirds on Delaware Bay. In this paper we examine shorebird abundance and distribution, and population trends of shorebirds using Delaware Bay during spring migration from 1986 through 1992. We were particularly interested in aspects of distribution and population trends that would aid in the development of a sound conservation and management strategy, and in determining population trends. We obtained data on beach habitats from aerial photography, U.S. Geological Survey topographic maps, and aerial observation. We measured slope of the beach (represented by distance to a 2 m depth of water), distance to Delaware Bay salt marsh, and distance to the Atlantic Ocean. We measured the percent of sand on each beach by aerial photography and aerial survey observations. Human accessibility was measured as amount of road access and residential development along the shore.
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RESULTS
The most abundant species in our surveys were Semipalmated Sandpiper, followed by Ruddy Turnstone, Red Knot and Sanderling (Table 1) . Temporal and regional variations. We used ANOVA to examine the effect of temporal and regional variables on shorebird numbers in the bay. The models accounted for between 16% and 33% of the variation in shorebird numbers for each species (Table 2) . Year, week and region of the bay significantly influenced the total number of shorebirds observed, but the influence was different on individual species (Table 2) .
The number of all six species of shorebirds varied significantly over the seven year study period (Fig. 2) . A regression analysis to examine trends in the peak counts showed a significant negative trend in Semipalmated Sandpiper and Sanderling. No trend was detected in other species.
As expected, the number of birds varied significantly over the six weeks of the study season.
Overall, the peak count was between 27-30 May, when an average of 216,177 shorebirds was counted (Fig. 3) Region of the bay influenced all species when we considered all survey data. However, we also examined the distribution of species during their peak counts, when region was significant for only Sanderlings (Fig. 4) . Sanderlings, during the peak of migration, were most abundant in the lower New Jersey region. Red Knots were observed evenly throughout the bay. Turnstones were most abundant in lower New Jersey and upper Delaware and Semipalmated Sandpipers were most abundant in upper Delaware, followed by upper New Jersey and lower New Jersey. Dunlin were most abundant in both upper bay regions, and dowitchers were most numerous in upper New Jersey region.
Distribution and habitat. Some beach habitat variables were important in the distribution of some species, with the regression accounting for between 35% and 78% of the variation in disfrom salt marsh. Semipalmated Sandpipers were tribution (Table 3) . In New Jersey, greater numassociated with beaches farther from the Atlantic bers of knots were associated with shorter dis-Ocean. Dowitchers were associated with low slope tance to Delaware Bay salt marsh, while more beaches. Dunlin were the only species negatively Sanderlings were associated with beaches farther related to greater human access beaches. Knots were associated with beaches higher in sand. All with beaches having other species of shorebirds species showed a positive relationship with present; dowitchers showed a negative relationbeaches having other species of birds present.
ship with those beaches. Sanderlings showed no In Delaware, few habitat variables were sig-significant relationship. nificantly related to number of shorebirds (Table  3) study we made weekly counts. Thus it was possible that we missed the absolute peak number of birds. However, since we expect that most shorebirds remain in the area for at least a week to build up adequate fat reserves (Hicklin 1987) our numbers should be fairly accurate. In two of the seven years we were unable to survey during the third week (19-22 May) because of several days of bad weather. This would bias our estimates if the peak for any species consistently fell during this week, and if the individuals of this species remained in the bay for less than a week. As is clear from Figure 3 , most species peaked in weeks 4 or 5. Only Sanderling peaked in week 3 in four of the five years when these data were available. Since we averaged our weekly counts only for the years available, this should not have biased our findings. Further, if our data are biased by the missing data, they are an underestimate, rather than an overestimate.
Finally, since we do not know how long individuals remain in the bay, or whether the length of stay varies among species, we cannot accurately determine total populations for any species using the bay. Instead we use the total counted on all our censuses as an index of total abundance, and peak single day counts to compare among years.
Importance of Delaware Bay. Our surveys substantiate the importance of Delaware Bay as a migratory stopover for shorebirds. Peak single day counts averaged 2 16,000 shorebirds, with a high of over 426,000 shorebirds counted on one day in 1986. Peak day counts ranged between 106,000 and 426,000 for all species combined. Yearly total of shorebirds ranged between 624,000 in 1986 to 228,000 in 1991. Although we cannot estimate how many individual shorebirds these counts represent without knowing length of stay, our surveys place Delaware Bay among the ten largest staging sites in the Western Hemisphere, and second largest in spring (Senner and Howe 1984).
Another determinant of stopover importance is the portion of a species population in one lo- Another variable that could influence distribution of any species is the number of birds of other species present. However, Recher (1966) indicated shorebirds on migration have greater tolerance to reduce competitive exclusion. For most species in this study, abundance of one species was positively related to abundance of other species, indicating that certain beaches held resources that concentrated several species. This was the case for all species except dowitcher in New Jersey, and all species except Sanderling and dowitcher in Delaware. The relationships we observed did not indicate exclusion of species, but this was not studied directly.
CONSERVATION OF MIGRANT SHOREBIRDS ON DELAWARE BAY
Our study corroborates earlier findings that Delaware Bay ranks as one of the most important shorebird stopover areas in the Western Hemisphere. Delaware Bay is also one of the largest shipping ports and one of the most densely populated areas in the United States (Karish 1988, Mangone 1988 ). There are severe threats to habitats and resources in Delaware Bay that are critical to shorebirds during migration, including horseshoe crab over harvest, direct development, human disturbance, and the potential effects of toxic accidents. Human disturbance is a serious problem to migrating shorebirds, often displacing shorebirds from prime foraging areas (Burger 1986, Burger and Gochfeld 199 1, Clark et al. 1986 ). An oil spill prior to or during the migration period would not only kill some birds, but would make food unavailable, and might cause birds to suspend further migration. Toxic materials could cause direct mortality to large numbers of birds. Habitat degradation (e.g., salt marsh modification) or loss by development would cause reduction in feeding and roosting areas.
We suggest that conservation of critical Delaware Bay resources requires bay-wide coordination and management for the long term protection of shorebirds. Issues to be addressed include spill response planning, protection of shorebirds from disturbance, habitat acquisition and protection, and nonconsumptive user management.
